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the absorber. This will result in a higher CO2 loading.  However, decreasing the temperature is found to slow down the 
reaction rate of gas and liquid interaction.  By the exothermic nature of the chemical absorption of CO2 in amines, the 
temperature inside the conventional CO2 absorber always increases. As such, the temperature inside the column should 
be appropriately controlled in order to obtain a good balance between solubility and reaction kinetics.  It is therefore 
worthwhile to develop process configurations that will allow a decrease of the absorber temperature to an optimum 
level in order to maximize the CO2 capture performance.   
This research relates to the use of intercoolers with two different circuits integrated outside the column.  The study is 
focused on an integration of CO2 capture into a natural gas-fired combined cycle gas turbine (CCGT) power plant.   It 
has been reported that the CCGT plant produces a lower CO2 concentration in flue gas as summarized in Table 1.  Low 
concentration can affect the mass transfer of amines to absorb CO2 causing a higher reboiler heat duty.  According to 
the table, CO2 flow rate produced from the pulverized coal-fired (PC) power plant is more than that of this power plant 
1.8 – 2.8 times.   Therefore, the efficiency point drop of the CCGT plant by the CO2 capture is anticipated to be lower 
than PC power plant.  Also, it has been reported that PC plant with the CO2 capture has the efficiency point drop of 9.1 
– 12.3% (based on 90% capture efficiency) [4]. 
2. Process Description 
2.1. Natural gas-fired combined cycle gas turbine (CCGT) power plant 
This work studies the CCGT power plant with net power capacity of 400 MWe.   Figure 1 demonstrates the simulated 
ITC’s CCGT process diagram that was modified from the previous model [3-4, 6].   According to the figure, natural gas 
 
Figure 1 ITC’s natural gas-fired combined-cycle gas turbine (CCGT) power plant. 
 
Table 1 CO2 emitted from different types of fossil-fuel fired power plants. 






CO2 flow rate,  tonne/hr  
(based on 400MWe net power capacity) 
144.0 260.4 – 402.0[3] 256.1 – 394.9[3] 
CO2 concentration, % by mole 8.9 13.5 – 15.7[3-5]  13.5 – 15.7[3-5]  
Reboiler heat duty,  GJth/tonne CO2 
(based on conventional CO2 capture and 
90% capture efficiency)   
4.0  ~3.6[4] ~3.6[4] 
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power plant with a net efficiency of 50.57% HHV (56.08% LHV) while it has no CO2 capture.  Natural gas at 1.77 
MSCMD (62.59 MMSCFD) and air at 19.04 MSCMD (672.45 MMSCFD) are supplied into the combustor.  Its gas 
composition is as given in Table 2.  The steam-power cycle operating under subcritical steam condition uses single 
reheat of 14.8 MPa/538oC/538oC (2147 psia/1000oF/1000oF) with the steam quantity of 136.25 kg/s (300.38 lb/s).  Flue 
gas produced from this plant is 281.7 kg/s (621.04 lb/s).  This gas is sent to SCR and a fraction of gas after SCR is 
routed into the gas turbine to control NOx below 0.108 kg/MWe (0.07 lb/MMBTUe) according to the federal New 
Source Performance Standards (NSPS) [8-9].  A portion of exhaust gas after SCR is re-circulated to the gas turbine.  
The flue gas analysis is demonstrated in Table 2.  This gas with 8.9% by mol CO2 (wet basis) is cooled down by direct 
cooling (DCC) before entering the absorber.  A certain amount of liquid is removed by this unit.   
Intercooler circuits of two different types are added outside the absorber.  The solution is extracted out of the absorber, 
and directed to flow upwards to increase the time of gas-liquid contact and cooled down by a series of intercoolers. The 
solvent used in this investigation is aqueous monoethanolamine (MEA) at 30% wt concentration.  The simulation is 
focused on 90% CO2 capture efficiency.  The temperature difference between the rich temperature inlet and lean 
temperature outlet in the lean-rich heat exchanger is set at 10oC.  This study focuses on 3 case scenarios.  The first case 
scenario (Case 1 or a based case) is the conventional CO2 absorption process.  The second and the third cases scenarios 
(Case 2 and Case 3) are also similar to Case 1 but they have 2 and 3 extra intercooler circuits, respectively.   Case 2 has 
the intercoolers integrated outside the absorber as a leap-stage connection while Case 3 has the intercoolers integrated to 
the absorber as a serpentine-stage connection. 
The result of scale-down Case 1 has been validated by comparing with the results obtained from distributed control 
system (DCS) of ITC pilot plant facility.  This facility as illustrated in Figure 4 has 10-metre (32.81 ft.) height (included 
a wash section) and 0.3-metre (1 ft.) diameter absorbers to capture up to 1 tonne (2,204.6 lb) of CO2 per day emitted 
from micro-gas turbine [10].  It was found that the results are in a good agreement.  Therefore, this gives the necessary 
confidence to scale-up the models in order to simulate the process integration of Case 1, Case 2 and Case 3 into the 
CCGT plant in order to assess and make further comparisons about the performance of each case scenario. 
                                               (a)                                                                                        (b) 
 
Figure 4 (a) ITC building in Regina, Canada. (b) ITC pilot plant facility inside the building.  
Table 2 Gas compositions and specifications  
Compositions and Specifications
Natural gas composition supplied to 
CCGT power plant  (% by mol) 
Flue gas composition after HRSG and 
SCR (% by mol) 
Methane (CH4)  93.9%[7] Carbon dioxide (CO2) 8.9% 
Ethane (C2H6)  3.2%[7] Oxygen (O2) 1.7% 
Propane (C3H8)  0.7%[7] Nitrogen (N2) 70.8% 
n-Butane (C4H10)  0.4%[7] Water (H2O) 18.5% 
Carbon dioxide (CO2)  1.0%[7] Nitric oxide (NO) 39 ppm 
Nitrogen (N2)  0.8%[7] Nitrogen dioxide (NO2) 0.24 ppm 
LHV (kJ/kg)  47805 kJ/kg[7] Sulfur dioxide (SO2) negligible 
HHV (kJ/kg)  53015 kJ/kg[7] Carbon monoxide (CO) negligible 
Natural gas supplied  1.77 MSCMD Particulate matter (PM) negligible 
  Total gas flow rate  281.7 kg/s 
  CO2 flow rate 3455 tonne/day 
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4. Result and Discussion 
According to the simulation results as demonstrated in Figure 5(a), integrating the intercoolers significantly cools the 
temperature inside the absorber, and consequently results in higher CO2 loading and cyclic capacity as given in Figure 
5(b) and Table 3.  This is attributed to a reduction of temperature which allows a higher solubility of the CO2 in the 
liquid phase. As a configuration changed from Case 1 to Cases 2 and 3, the heat duty becomes lower.  Cases 2 and 3 
obtained significant reductions in the extracted steam quantity by 16.8% and 25.1%, and the reboiler heat duty by 
16.9% and 24.9%, respectively.  This can be explained that as the chemical absorbent reacts with CO2, it causes the 
exothermic heat which significantly impacts the solubility and consequently leads to an increase in the heat duty.   With 
this finding, the reduction of exothermic heat can be minimized by an increase of the number of intercoolers.   
It is found that Cases 2 and 3 require a lower MEA flow rate.  This can imply that those two processes have a lesser 
electricity consumption from fluid drivers such as pump motors.  According to the table, the electricity consumption of 
                                                   (a)                                                                     (b) 
Figure 5 (a) temperature profile along the absorber. (b) CO2 loading profile along the absorber. 
Table 3 Simulation results of the integration of CCGT and CO2 capture. 
 CASE 1 CASE 2 CASE 3 
Overall Plant Configuration    
Net power output without CO2 capture (MWe) 400.0 400.0 400.0 
Power output after CO2 capture (MWe) 362.7 368.9 371.8 
Power consumption (MWe) 37.3 31.1 28.2 
Standard vapor volumetric flow of natural gas 
supplied (MSCMD)  
1.77 1.77 1.77 
Efficiency without CO2 capture (%, HHV) 50.57 50.57 50.57 
Efficiency after CO2 capture (%, HHV) 45.85 46.64 47.00 
Efficiency point drop (%, HHV) 4.72 3.93 3.57 
Energy penalty of CO2 capture 
(kWhe/tonne CO2) 
288.1 240.1 217.7 
Extracted steam use (steam at 300 kPa, 236oC) 
(kg steam/ kg CO2) 
1.67 1.39 1.25 
CO2 Capture Configuration    
CO2 capture efficiency (%) 90.0 90.0 90.0 
MEA flow rate (kg MEA/tonne CO2) 5835 4753 4192 
Lean loading (mol CO2/ mol MEA) 0.22 0.24 0.25 
Rich loading (mol CO2/mol MEA) 0.45 0.52 0.55 
CO2 cyclic capacity (mol CO2/mol MEA) 0.23 0.28 0.30 
Reboiler heat requirement (MWth) 142.9 118.6 107.2 
Reboiler heat duty (GJth/tonne CO2) 3.97 3.30 2.98 
Electricity consumption (MJth/tonne CO2) 34.03 32.73 32.58 
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Cases 2 and 3 is decreased by 3.8% and 4.3%, compared with Case 1.   As the reboiler heat duty and the electricity 
consumption decrease, the power consumption of Cases 2 and 3 is reduced by 16.6% and 24.4%, respectively.   Thus, 
the efficiency point drop becomes lower.  It reveals that the efficiency of Case 3 has the lowest efficiency point drop of 
3.57%, followed by Case 2 and Case 1 with their efficiency point drops of 3.93% and 4.72%, respectively.   
5. Conclusion 
The introduction of two different types of the intercooler circuits and the number of intercoolers appropriately reduced 
the exothermic heat.  This can be seen by a significant reduction in the temperature profiles along the absorber.   As the 
temperature is decreased, it allows an increase of the solubility which enhances the CO2 cyclic capacity of the chemical 
absorbent.  Thus, this leads to an increase in the CO2 absorption process, and in turn a decrease in the reboiler heat duty, 
electricity consumption of fluid drivers, MEA flow rate and efficiency point drop.   
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